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 (nm)  Electronegativity 
Bi3+ 1.35 2.02 
Fe3+ 0.645 1.83 
Ba2+ 1.61 0.89 
Ti4+ 0.605 1.54 
Y3+ 0.900 1.22 
Sc3+ 0.745 1.36 
Mg2+ 0.720 1.31 
Nb5+ 0.640 1.60 
Zn2+ 0.740 1.65 
Ga3+ 0.620 1.81 
Al3+ 0.535 1.61 
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Composition Sintering temperature  (°C) 
Relative density 
 (%) 
Bi(Me)O3-0.25BaTiO3-0.70BiFeO3   
Me = Y 920 94.9 
Me =Sc1/2Y1/2 940 95.7 
Me = Mg2/3Nb1/3 1000 96.8 
Me = Zn2/3Nb1/3 1010 97.4 
Me = Zn1/2Ti1/2 1010 96.9 
Me = Ga 990 94.9 
Me = Al 980 96.0 
Me = Sc   
(0.05BiScO3-(1-x)BaTiO3-(x)BiFeO3)   
x = 0.55 1020 97.4 
x = 0.60 1005 94.0 
x = 0.625 990 98.0 
x = 0.65 1010 92.8 
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   To investigate the microstructure and the compositional homogeneity of the ceramics, 
BSE images for the polished 0.05Bi(Me)O3-0.70BaTiO3-0.25BiFeO3 ceramics were 
acquired (Fig. 2). For compositions with Me = Mg2/3Nb1/3 and Sc the grain size was ~5 to 
10 µm and the image contrast suggested a homogeneous cation distribution, free from 
second phase in agreement with the XRD traces. For composition with Me = Y and 
Sc1/2Y1/2, the grain size was smaller, with each grain exhibiting homogeneous contrast 
but with a light contrast, intergranular second phase, presumably Bi22Fe2O36 (Fig. 1) 
which has a
 
larger weight average atomic number (WAA) than the perovskite matrix. For 
ceramics with Me = Zn2/3Nb1/3, Zn1/2Ti1/2, Ga, and Al, a much smaller average grain size 
is observed (<4 µm) with evidence of a core shell contrast within the grains. Regions of 
lighter contrast in the images are Bi-rich compared to the matrix according to energy 
dispersive X-ray analysis (not shown here) and assumed to be Bi22Fe2O36, consistent with 
XRD data, Fig. 1. We note that there are dark precipitates present in the BiSc1/2Y1/2O3 
and BiYO3 doped samples (Fig. 2a and b) which correspond, according to EDS, to an 
yttrium ferrite phase. We conclude therefore that Y2O3 does not enter the matrix. In 
summary, we report that only BiScO3 and BiMg2/3Nb1/3O3 doped composition are free 
from secondary phase and exhibit a homogeneous microstructure. All other dopants either 
do not enter the lattice (Y2O3) and/or modify the phase equilibria to promote Bi22Fe2O36 
formation. In addition, compositions with Me = Zn2/3Nb1/3, Zn1/2Ti1/2, Ga, and Al promote 
the formation of a two-phase perovskite matrix. Previous authors have reported that 
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)LJLVDSORWRIHQYVWIRU%L0H2%D7L2%L)H2 compositions. With 
reference to Fig. 5 DQGUHODWHG;5'6(0DQGSLH]RHOHFWULFGDWDRQO\0J1EDQG6F
GRSHGFRPSRVLWLRQVWKDWOLHZLWKLQDQDUURZUDQJHRIHQYVWVXFFHVVIXOO\VXEVWLWXWHLQWR
WKH %7%) PDWUL[ ZLWKRXW HLWKHU SURPRWLQJ VHFRQGDU\ SKDVHV \WWULXP IHUULWH DQG
%L)H2RUDOWHULQJWKHPDWUL[FDWLRQGLVWULEXWLRQWRFRQWDLQWZRLPPLVFLEOHSHURYVNLWH
SKDVHV ,W LV WKHUHIRUHQRFRLQFLGHQFH WKDWFRPSRVLWLRQVZLWK0H 0J1E DQG6F







IDYRXUV D VWURQJHU DVVRFLDWLRQ ZLWK WKH ORQH SDLU PRUH FRYDOHQW %L LRQ ZLWKLQ WKH
SHURYVNLWH VWUXFWXUH 7KH UHVXOW LV DQ LQKRPRJHQHRXV GLVWULEXWLRQ RI FDWLRQV DQG DQ
LPPLVFLEOHWZRSHURYVNLWHSKDVHPDWUL[GXULQJIXUQDFHFRROLQJ7KHXQGHUO\LQJFU\VWDO
FKHPLVWU\ IRU WKH SHURYVNLWHSHURYVNLWH SKDVH VHSDUDWLRQ LV XQGRXEWHGO\ FRPSOH[ EXW
UHLQWHUSUHWDWLRQ RI SUHYLRXV UHSRUWV LQ WKH OLWHUDWXUH VXJJHVWV WKDW LPPLVFLELOLW\ LV
FRPPRQO\REVHUYHGEXWVXSSUHVVHGE\TXHQFKLQJWRJLYHKLJKHUG>@3UHYLRXVZRUN
E\ WKHFXUUHQWDXWKRUV DOVRUHYHDOV UHJLRQV RISHURYVNLWH±SHURYVNLWH LPPLVFLELOLW\ LQ
%L0J1E2GRSHGFRPSRVLWLRQVDVDIXQFWLRQRI[>@EXWWKDWVWUDLQLVRSWLPLVHGLQ
IXUQDFH FRROHG VLQJOHSKDVH FKHPLFDOO\ KRPRJHQHRXV FRPSRVLWLRQV DZD\ IURP WKH
UHJLRQ RI LPPLVFLELOLW\ >@ :H DWWHVW WKHUHIRUH WKDW LQ IXUQDFH FRROHG VDPSOHV WKH
VXSHULRUSHUIRUPDQFHRIVRPHGRSDQWVZLWKUHVSHFWWRRWKHUVGRHVQRWSDUWLFXODUO\UHIOHFW
WKHLUORFDOGHIHFWFKHPLVWU\EXWLVUDWKHUDPDWWHURIVROLGVROXELOLW\DQGWKHUHVXOWLQJSKDVH
HTXLOLEULD ZLWK WKH RYHUDUFKLQJ PD[LP WKDW IRU WKH KLJKHVW VWUDLQV VLQJOH SKDVH
KRPRJHQHRXV FRPSRVLWLRQV DUH UHTXLUHG 7KH IROORZLQJ VHFWLRQV RI WKH SDSHU IXUWKHU
GHPRQVWUDWH WKLV SUHPLVH E\ RSWLPLVLQJ WKH VWUDLQ IRU %L6F2 GRSHG FRPSRVLWLRQV
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group Lattice parameters 
Weight 
(%) R-factors 
    a (Å) b (Å) c (Å)   Rwp (%) 
Rp 
(%) Ȥ2 
0.55 Pm-3m 4.0059(7) 4.0059(7) 4.0059(7) 89.3 9.44 7.39 1.47 
 
R3c 5.6695(8) 5.6695(8) 13.8662(3) 10.7 
   
0.6 Pm-3m 4.0027(8) 4.0027(8) 4.0027(8) 87.1 9.74 7.73 1.64 
 
R3c 5.7154(6) 5.7154(6) 14.0559(6) 12.9 
   
0.62
5 Pm-3m 4.0039(4) 4.0039(4) 4.0039(4) 94.8 9.94 7.89 1.74 
 
R3c 5.6054(4) 5.6054(4) 13.7375(2) 5.2 
   
0.65 Pm-3m 4.0017(4) 4.0017(4) 4.0017(4) 91.3 
10.6
5 8.53 2.04 
 
R3c 5.6089(3) 5.6089(3) 13.7112(6) 8.7 
   
0.7 Pm-3m 4.0006(0) 4.0006(0) 4.0006(0) 25.2 8.29 6.36 1.94 
 
R3c 5.6377(5) 5.6377(5) 13.9112(3) 74.8 
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RFFXSLHV WKH%VLWH LQ WKH %7%) V\VWHPGXH WR LWV µ*ROGLORFNV¶ FRPELQDWLRQRI LRQLF
UDGLXVcDQGHOHFWURQHJDWLYLW\+RZHYHUZHQRWHWKDWFRPPRQWRPRVW
%7%0HEDVHG >@ FHUDPLFV WKHUH DUHSUHFLSLWDWHV LQ WKHFHQWUH RI WKHJUDLQV7KHVH
SUHFLSLWDWHV DUH WKRXJKW WR EH UHVLGXDO IURP WKH HDUO\ VWDJHV RI UHDFWLRQ WR IRUP WKH
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7KH WHPSHUDWXUH GHSHQGHQFH RI İU DQG WDQį IRU WKH 05BiScO3-(0.95-x)BaTiO3-
xBiFeO3 ceramics measured at 10 kHz are shown in Fig. 10 (a) and 10 (b). )RU[ 












7KHIUHTXHQF\GHSHQGHQFHIURP1 kHz to 250 kHzRIİUDQGWDQįIRUWKH05BiScO3-
0.325BaTiO3-0.625BiFeO3 ceramics are shown in Fig. 11 (a) and 11 (b). With increasing 
frequency, the Hr maximum shifts to higher temperature and is suppressed. The onset 
temperature where tanɷ increases also shifts to higher temperature. It is concluded 
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8QLSRODU 6( FXUYHV IRU WKH 05BiScO3-(0.95-x)BaTiO3-xBiFeO3 FHUDPLFV PHDVXUHG
XQGHUN9PPDWURRPWHPSHUDWXUHDUHVKRZQLQ)LJ7KHODUJHVWGSP9DW
[ ZDVREWDLQHGDWWKHSRLQWRIFURVVRYHUIURPGRPLQDQWUHOD[RUHOHFWURVWULFWLYH















)LJ  D 3( K\VWHUHVLV ORRSV DQG E ELSRODU 6( FXUYHV IRU WKH %L6F2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
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%D7L2[%L)H2FHUDPLFVPHDVXUHGDWURRPWHPSHUDWXUH 
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